Malignant transformation of rat bone marrow-derived mesenchymal stem cells treated with 4-nitroquinoline 1-oxide.
Recent studies indicated that extensive culture of bone marrow-derived mesenchymal stem cells (BMSCs) can lead to malignant transformation, supporting the concept that tumor may originate from adult stem cells. Also, neoplastic transformation of BMSCs induced by virus and ionizing radiation were verified. However, the capacity for BMSCs to become mutated by chemical carcinogens and become precursors of cancer is still poorly understood. In this study, BMSCs were used to test the hypothesis that tumorigenesis can originate from the mutation of stem cells induced by chemical carcinogen. BMSCs were intermittently treated with 10(-6)M 4-nitroquinoline 1-oxide (4-NQO) from population doublings level (PDL) 3 until senescence occurred. Proliferation data demonstrated that BMSCs treated with 4-NQO bypassed the senescence phase and exhibited unlimited proliferation and anchorage independence. These cells underwent a malignant transformation that resulted in tumor formation in 12/12 immunodeficient mice that received the cells by tail vein injection. In contrast, spontaneous transformation of BMSCs was observed in 6/12 immunodeficient mice injected with BMSCs that had been cultured over PDL 30 in vitro. For both BMSCs treated with 4-NQO, and BMSCs maintained in long-term culture, their transformation into neoplastic cells was found to involve chromosomal abnormalities, increased telomerase activity, and reduced, or absent, expression of p53. Our results also indicate that BMSCs are susceptible to carcinogen-induced malignant transformation rather than spontaneous transformation. Therefore, carcinogen-induced BMSCs transformation models may be ideal for studying mechanisms associated with the promotion of tumor formation by chemical carcinogens.